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Abstract
Bile duct injury (BDI) after laparoscopic cholecystectomy (LC) remains a significant surgical challenge.
Despite claims to the contrary, the incidence of bile duct injury has remained elevated since the
introduction of LC. Several issues regarding the surgical management of BDI are controversial, including:
(i) identification of the surgeon and centre most capable of managing the injury, (ii) timing of surgical repair,
(iii) incidence and significance of associated vascular injury and (iv) identification of patient factors which
significantly impact outcome after repair. Variability in timing of referral of BDI to tertiary centres has been
noted in the literature. The impact of timing of referral upon post-operative outcomes after definitive
surgery has yet to be clearly investigated. We report our experience with 44 patients who required
reconstructive surgery after BDI. In contrast to the many studies available in the literature, patients in the
current study were classified according to a modern injury classification system. Additionally, we exam-
ined the impact of delayed referral to our centre on short- and long-term outcomes after surgical repair
of BDI.
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Introduction
Bile duct injury (BDI) after laparoscopic cholecystectomy (LC)
remains a significant surgical challenge. Despite claims to the
contrary, the incidence of BDI has remained elevated since the
introduction of LC.1 Over 750 000 cholecystectomies are per-
formed in the United States annually.2,3 The estimated incidence of
BDI is between 300 and 500 per 100 000 operations performed;
conservatively yielding approximately 4000 bile duct injuries
occurring each year.1,2,4–6
Even with improved critical care for patients and expanding
numbers of specialized centres with expertise in management of
this complex complication, a significant number of BDIs continue
to be managed by the surgeon responsible for the injury. A series
reported from Connecticut indicated that 89% of injuries in that
state are repaired in the same institution where the injury
occurred.7 Other reports indicate that in the United States,
58–75% of BDIs are repaired by the injuring surgeon.2,6 Flum
and colleagues reported increased mortality when the repairing
surgeon was the same as the injuring surgeon.2
In this setting, several issues regarding the surgical management
of BDI remain controversial, including: (i) identification of the
surgeon and centre most capable of successfully managing the
injury, (ii) timing of surgical repair, (iii) incidence and signifi-
cance of associated vascular injury and (iv) identification of
patient factors which significantly impact outcome after repair.
Variability in timing of referral of BDI to tertiary centres has
been noted in the literature.8–10 Cameron and colleagues noted a
median time to referral of 3 weeks.11 Although informative, this
series included patients with biliary stricture and did not define
biliary injury according to a common injury classification schema
that allows for identification of the subset of patients who lack
biliary enteric continuity, and thus may require earlier repair. The
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impact of timing of surgery and subsequent post-operative out-
comes have been studied by Gouma et al. who reported a negative
effect of early repair upon surgical outcomes after reconstructive
surgery for BDI.10 The impact of timing of referral upon post-
operative outcomes after definitive surgery has yet to be clearly
investigated.
In the current study, we report our experience with 44 patients
who required reconstructive surgery after BDI. In contrast to pre-
vious studies available in the literature, patients in the current
study were classified according to a modern injury classification
system. Additionally, we examined the impact of delayed referral
for surgical management on short- and long-term outcomes after
surgical repair of BDI.
Material and methods
Data collection
A prospective database for Hepato-Pancreatico-Biliary (HPB)
surgery patients was maintained in accordance with our institu-
tional review board. Data collected included demographics,
indication for LC, use of cholangiography, time from injury to
diagnosis and time to referral to our institution, diagnostic and
therapeutic studies performed prior to and after referral, operative
details of the cholecystectomy, peri-operative complications after
BDI repair and clinical follow-up.
Injuries to the biliary tree were classified according to the
Hanover system and the Bismuth classification12–14 to allow spe-
cific characterization of the type and level of injury at the time of
diagnosis. From 2001–2007, 72 patients were referred for manage-
ment of BDI; 44 of whom underwent operative repair and are
the subject of this report. The remaining 28 patients underwent
endobiliary stent therapy without need for surgical intervention.
Patients with bile duct strictures from trauma, malignancy and
inflammatory processes were excluded. Additionally, for the pur-
poses of this report, patients with Hanover class A injuries (cystic
duct stump leaks and gallbladder fossa leaks) and Hanover class E
injuries (stricture of the main bile duct) were also excluded from
analysis. In this study, early referral was defined as within 72 h of
recognition of the injury and delayed referral as greater than 72 h
after recognition of injury. After definitive surgical repair, a post-
operative biliary leak was defined as bile in a surgical drain at
any time in the post-operative period or a leak demonstrated by
cholangiography. Biliary stricture was defined as a narrowing of
the biliary-enteric anastomosis requiring percutaneous dilation,
stenting or external drainage. When patients were referred within
7 days of injury and no concomitant intra-abdominal infection
was present, immediate surgical repair was considered. In the
majority of patients, to allow portal inflammation to subside and
to determine the level of biliary ischaemia, BDI repair was delayed
for a period of 6 weeks. During this interval, bilomas were percu-
taneously drained and patients underwent biliary drainage with
percutaneous transhepatic biliary drains, when appropriate.
Definitive establishment of bilioenteric continuity was accom-
plished with hepaticojejunostomy to the common hepatic duct or
via a Hepp-Couinaud15 approach when appropriate.
Statistical analysis
Comparison between groups was performed with the c2-test,
Fisher’s exact test and Student’s t-test using In Stat 3.0 (GraphPad
Software, San Diego, CA, USA). Using overall complications as
the dependent variable, a separate univariate Cox proportional
hazards regression analysis was performed. Covariates that
affected overall complications at the P = 0.05 level of significance
were included in a multivariate Cox proportional hazards model
(GraphPad Software). Results are reported as mean  SD and
Odds Ratio (OR) [95% Confidence Interval (CI) and P-value].
Statistical significance was accepted at the 5% level.
Results
From 2001–2007, 72 patients were referred to our institution for
management of BDI; 44 of whom underwent operative repair.
Patient demographics, clinical factors at presentation, type of
index operation (initial type of cholecystectomy) and classifica-
tion of injury are summarized in Table 1. The mean age of all
patients was 44.6  15.4 years (range: 14–84 years). Seventy-five
per cent of patients referred were women. Cholangitis was present
upon arrival to our institution in 40%, jaundice was present in
60% (defined as total bilirubin >3.0) and biloma was detected in
83% of patients (10% sterile, 73% infected). Thirty-two per cent
of patients met diagnostic criteria for either systemic inflamma-
tory response syndrome (SIRS) or multiple organ failure (MOF)
at the time of initial presentation.
Of the 44 patients operated, 42 of the BDIs occurred at an
outside hospital and 2 injuries occurred at our institution. The
initial operation was LC without cholangiogram in 84% of
patients (n = 37). None of the patients in this series underwent LC
with cholangiogram as the index operation. LC converted to open
cholecystectomy was performed in 5% of patients (n = 2) and 11%
(n = 5) underwent LC converted to open cholecystectomy with
primary repair of the BDI. In the latter group, all five patients
presented with continued biliary fistula after a failed primary
repair (primary anastamosis in two patients, choledochoduode-
nostomy in one patient and hepaticojejunostomy in two patients).
Overall, only 30% of injuries were recognized by the primary
operating surgeon at the time of LC.
Complete radiographic visualization of the biliary tree was
obtained after referral to our institution in all patients. Eleven per
cent of patients were found to have a clip placed on the extrahe-
patic biliary tree (Hanover class B). Tangential injury extrahepatic
biliary tree without a clip was noted in 7% of cases (Hanover class
C). Eighty-two per cent of patients (n = 36) had complete transec-
tion of the extrahepatic biliary tree (Hanover class D). Based upon
the Bismuth classification for level of injury, 73% of patients were
classified as level I–III, whereas 27% were level IV–V.
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The post-repair complications and clinical outcomes of
patients based upon timing of referral after recognition of BDI are
summarized in Table 2. Thirty-four per cent of patients were
referred early (n = 15) whereas 66% had a delayed referral after
72 h (n = 29). There were no differences between the early and
delayed referral groups with regard to gender, Hanover classifica-
tion of injury or Bismuth classification of level of injury.
After definitive surgical repair at our facility, no significant
differences were noted between the early and late referral groups
with regard to rates of anastomotic leak, need for reoperation,
post-operative bleeding (defined as transfusion of two more units
of blood post-operatively), superficial wound infection or biliary
stricture. In contrast, intra-abdominal abscess and need for inten-
sive care unit (ICU) stay >7 days were more frequently observed in
patients referred after 72 h (P < 0.05). There was one death in our
series yielding a post-operative mortality rate of 2.3%; this death
occurred in the early referral group. The patient was an 84 year-old
woman with a Hanover class D injury, who presented with MOF
andwas found to have a right hepatic artery and portal vein injury.
Table 3 summarizes the time and place of BDI diagnosis (in
hospital versus after discharge), and interventions directed at
diagnosis or treatment of the injury prior to referral to our unit.
There were no differences between the early and delayed referral
groups with regard to time or place of BDI diagnosis. Pre-referral
percutaneous drainage of biloma was performed significantly
more often in the delayed referral group (30 drainages in 29
patients) compared with the early referral group (9 drainages in
15 patients, P < 0.001). No differences were noted in the use of
diagnosistic endoscopic retrograde cholangiopancreatography
(ERCP) between the groups, although patients in the delayed
referral group were more likely to have received ERCP with stent
placement compared with patients in the early referral group
(2/15 vs. 14/29, P < 0.05).When the total number of interventions
performed prior to referral was analysed, patients in the delayed
referral group underwent significantly more interventions com-
pared with patients in the early referral group (1.04 0.34 vs. 2.4
 0.65 interventions per patient, P < 0.001). The mean time from
recognition of injury to referral was 2.8 days in the early referral
group versus 8.2 days in the delayed referral group. Themean time
from creation of injury to referral was 5.6 days in the early referral
group and 13.1 days in the delayed referral group.
Study covariates associated with overall complications at the P
= 0.05 univariate level of significance were included in a multi-
variate Cox proportional hazards model (Table 4). Backwards
stepwise regression analysis determined that Hanover class D,
high Bismuth level, delayed referral and the number of pre-
referral interventions were correlated to total complications (OR
2.57, P = 0.004, OR 1.32, P = 0.04, OR 1.68, P = 0.07, OR 1.25,
P = 0.06, respectively). In univariate analysis, age >45 years was
associated with increased overall major complication rates (OR
1.37; 95% CI: 0.11–0.45, P = 0.034), but was not significant in the
multivariate analysis (OR 0.38, 95% CI: 0.14–0.44, P = 0.06).
Discussion
We report our experience with 44 patients who required recon-
structive surgery after BDI with a specific focus on the timing of
referral and impact upon post-operative and long-term outcomes
after definitive repair. Patients who were referred after 72 h of
recognition of BDI were more likely to have an intra-abominal
abscess and prolonged ICU stay after definitive repair, when com-
pared with patients referred within 72 h. Delayed referral patients
had similar types and levels of BDI, yet were more likely to
undergo significant interventions at the outside hospital. A
Table 1 Demographics and clinical factors
Demographics/clinical factors Number %
Total patients 44
Age (years)
Mean 44.6  15.2
Range 14–84
Gender
Male 11 25
Female 33 75
Clinical factors at presentation
Cholangitis 13 40
Jaundice 50 60
Biloma-sterile 25 10
Biloma-infected 32 73
SIRS 15 25
MOF 3 7
Type of index operation Number %
Initial operation
Outside institution 42 95
Our institution 2 5
Type of initial operation
Laparoscopic cholecystectomy 37 84
Laparoscopic cholecystectomy with
cholangiogram
0 0
Laparoscopic converted to open
cholecystectomy
2 5
Laparoscopic converted to open with repair 5 11
Recognition of injury by laparoscopic surgeon
at time of surgery
13 30
Type and level of injury
Hanover classification, type of injury
B, clip on bile duct 5 11
C, tangential or partial injury. 3 7
D, transection of main biliary tree, any level 36 82
Bismuth level of injury
Levels I–III 32 73
Levels IV–V 12 27
Hanover class A and E excluded. SIRS, systemic inflammatory response
syndrome; MOF, multiple organ failure.
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number of these interventions were of limited value – 49% of
patients underwent therapeutic ERCP with stent placement, yet
lacked biliary enteric continuity (Hanover Class B and D). All five
patients who underwent relaparotomy and attempt at repair at the
outside facility failed, requiring revisional surgery at our facility.
The impact of pre-referral interventions on complication rates
after reconstructive surgery for BDI has received little attention in
the surgical literature. In their review of 500 patients referred to
the Academic Medical Center in Amsterdam, De Reuver, deter-
mined that post-operative complications after definitive repair
Table 2 Timing of referral, injury type and surgical complications
Early referral n = 15 (%) Delayed referral n = 29 (%) P-value
Age 43 45
Gender
Male 3 (20) 7 (24) ns
Female 12 (80) 22 (76) ns
Injury type ns
Hanover Class B 1 (7) 2 (7) ns
Hanover Class C 0 (0) 5 (17) ns
Hanover Class D 14 (93) 22 (76) ns
Level of injury, bismuth
I–III 11 (73) 21 (72) ns
IV–V 4 (27) 8 (28) ns
Surgical complications
Anastomotic leak 3 (20) 2 (7) ns
Need for reoperation 0 (0) 1 (3) ns
Post-operative bleeding 4 (27) 6 (21) ns
Superficial wound infection 2 (13) 5 (17) ns
Biliary stricture 0 (0) 2 (7) ns
Mortality, 30 day 1 (7) 0 (0) ns
ICU stay >7 days 1 (7) 8 (28) P < 0.05
Intra-abdominal abscess 1 (7) 9 (31) P < 0.05
ICU, intensive care unit.
Table 3 Time of diagnosis of injury, interventions prior to transfer and timing of referral
Time of diagnosis and outside interventions Early referral n = 15 (%) Delayed referral n = 29 (%) P-value
Timing of diagnosis of bile duct injury
During initial cholecystectomy 1 (7) 7 (24) ns
In-hospital 4 (27) 13 (45) ns
After discharge 10 (67) 9 (31) ns
Interventions prior to referrala
None 5 (33) 1 (35) ns
Relaparotomy without repair 0 (0) 3 (10) ns
Relaparotomy with repair 0 (0) 5 (17) ns
Percutaneous drainage of biloma 9 (60) 30a P < 0.001
Percutaneous transhepatic cholangiogram 0 (0) 1 (3) ns
ERCP 5 (33) 16 (55) ns
ERCP + stent placement 2 (13) 14 (48) P < 0.05
Total interventions at OSH (mean interventions/patient) 1.04  0.34a 2.4  0.65a P < 0.001
Time from recognition of injury to referral (days, mean) 2.8 8.2 P < 0.05
Time from injury to referral (days, mean) 5.6 13.1 P < 0.05
ERCP, endoscopic retrograde cholangiopancreatography; OSH, outside hospital.
aPatients may have undergone more than one intervention.
HPB 35
HPB 2009, 11, 32–37 © 2009 International Hepato-Pancreato-Biliary Association
were more likely in patients who underwent interventions at an
outside facility prior to referral.10 Other than this report, few other
studies have examined this potentially important variable. Our
data suggest that delayed referral and interventions performed at
outside facilities both conspire to increase the risk of definitive
repair.
It is estimated that the majority of bile duct injuries that occur
in the United States are managed at the facility where the injury
occurred and that definitive biliary repair is frequently performed
by the surgeon responsible for the injury.2,4,5,7,16 Carroll et al.
reported a success rate of only 27% for repairs carried out by the
surgeon who performed the cholecystectomy,4 whereas Stewart
et al. noted that only 17% of primary repairs and 0% of secondary
repairs were successful.17 Even more concerning, Flum and col-
leagues demonstrated in a large cohort of Medicare beneficiaries,
that the risk of death was elevated by 11% if the repairing surgeon
was the same as the injuring surgeon. In the present series, five out
of five primary repairs performed before referrals were unsuccess-
ful and required revision.Mercado et al. showed that patients with
an anastomosis fashioned below the biliary confluence were more
likely to require revisional surgery than those with an anastomosis
at the biliary confluence.18 None of the previously operated
patients in our series underwent the ‘gold standard’ operation for
a complete transection or ligation of the biliary tree – i.e. hepati-
cojejunostomy to the confluence of the biliary tree or the left
hepatic duct.8,15,19,20
In summary, this analysis indicates that pre-referral interven-
tions and delay in referral adversely impact outcomes after defini-
tive repair. These data support an open policy of early referral to
tertiary biliary surgery centres. Minimization of the number and
invasive nature of pre-referral procedures to only those that
ensure the safety of transfer is recommended. Subsequent large
cohort series should focus on the details of pre-referral procedures
to more precisely determine the optimal treatment algorithm for
these patients.
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